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METHOD OF PREPARING A FOOD PRODUCT 



FIELL : of the INVENTIO N 

The C'resent invention relates to a method for preparing a food 
product. In particular, the invention relates to a method for 
preparing a product containing milk prDtem and exhibiting 
improved qualities of structure and texture, whereby the need to 
include a structuring/texturing aid as an additive ingredient is 
avoided. 



BACKGROUND OF THE INVENTION 

The development of food products having improved texture and 
structural properties and which do not exhibit storage stability 
problems is of considerable commercial interest. In the case of 
ice cream confections, for example, there is a particular need 
to devise improved methods of combating textural deterioration 
resulting from the formation of ice crystals caused by cyclic 
changes in the freezing temperature. Various approaches to 
overcoming these problems have been described, typically 
involving the addition of conventional stabilising, thickening 
and/or structuring additives to the food product during 
preparation. Polysaccharides such as locust bean gum, guar gum 
and carrageenan, for example, are commonly added to mask the 
perception of ice crystals and to improve the texture of ice 
cream, products. Other stabilising agents which are used in food 
products include hom.opolysaccharides produced extracellularly by 
certain bacteria, such as dextran and fructans. Spray-dried 
dextran-milk powder is available commercially from Quest 
International under the trade name '^Enrich". 




Con cri' lied fermenration of a whey-oased medi'^^. conraininq 
sucrose with the dext ran-pr oducing bacterium, Leu::onoszoc 
10 mesenterDides ATIC 14 935 to produce a thickening agenc for use 
in focds 15 desorioed in uS 4,444,793. 

US 4,377, 534 des::ribes the preparation i-f a spray-dried oexcran 
and levan (p jly f ructC'Se) containing comp'osioion which gives high 

15 viscC'oity when rehydrated, oy fermenting an aquec-us grDwch 

medi'un c:^mprising sucrose wirh Lauconostoc den*t ram cue: Nr:?X-3- 
18132. Tne use of this composition to improve the thickness, 
stability -ir ce.xture of food proau::ts, insluding milk drinks, 
salad dressings, ice creami and frozen yc-ahurt is also dessribed. 

2 0 The production of dextran from another Leuconostoc da?::: rani cum 
strain (i>iP:?.L-3-13242 } and its use, preferably in the form: of a 
dried rehydra table powder, as a texture modifying or improving 
additive in a similar range of foods is described in I'S 
5,223,431. 

25 

According to the taxonomy established by Garvie et al 
(International Journal of Systematic Bacteriology, 115- 
119,1983;, bacteria of the genus LeuaonostoCr p^revicusly 
classifiec as Leuconostoc masenteroides , Leucono^stoc daxtranlcum 
30 and Lauccnzstoc crairjoris , are subspecies of LauconostDa 

mesentercidas . In additic-n to the dextran prjducmg subspecies 
of Leuconostoc mesenteroides menticned above, two furtner 
dextran producing strains of use in texturing fcc-d products have 



10 



15 



20 



oeen oescrioea ir: the literature, namely Le:.:^ono5 r rc 
mese'nteroides SzO, cremoris strains OJCn I-lo92 anc: CNCX-i-l 693 
-see iJc 6, 004, 3vC ) . 

As polysac ::harices such as dextran are orecared bv anaerc^bic 
i ermentatie-n of P'Olysaccnaride producing strains of lactic acid 
bacteria, their production is necessarily accorpanied by the 
production of acia (and hence a lowering of pH) as a by-product 
of anaerobic metabolism. This has generally been regarded as 
limiting the applicability of m^ethods for producing dextran by 
md..crobial fermentation In situ in food proausts, particularly in 
the case of pPi sensitive foods such as tht-se containinc milk 
proteins v;here lowering the pH can have marked effests on 
product texture, processability , stability and flavour. Where 
the product is, for example, a yoghurt or yi-ghurt-ice, the 
preparaticm of which normally involves acidification, this m.ay 
present no problem but more generally the effects cf a 
substantial drop in pH, especially in comb>inaticn with hiah 
temperature when pasteurisation is necessary after the 
fermentation step, are likely to be highly detrim.ental to the 
quality of the product. 



In those instances discussed above where dextran has been 
proposed as a suitable texturing aid for ice cream products, for 

25 example, it is notable that it is always added m the form of a 
pre-prepared, pH adjusted additive. US 6,004,800 describes the 
formation of an ice cream where dextran is prDduced during the 
manufacturing pricess, by a method which would not be subject to 
the problem.s assotiated with microbial metacclism., but here 

30 again this involves the addition of an additive lactive 

dextransucrase) whish has undesirable im.plications in terms of 
cost and cons^umer acceptability. 




5 process, the lirop ir. pH acccrr.panying rerrr.enr i or. does r.-jo 
preseno problems . 

'jS 6, 004,800 (rTient ic'ned above) describes ohe p-reparaoic'n of a 
yoghurt c^f acceptable texture and oasoe by f ermentat ion of 

10 dextran p'roduoing Leuconostcc :r:esenterDides ssp. cre.T^oz'is CNCM 
r-1692 (together with non- thickening sorains of Streptoco'ccus 
thermophilus and Lactobaci llus bulgari ::us) in the presence of a 
mii;<-sucrose medium until the pH reaches a value of 4.5. This 
reference also disoloses yoghurt form.aoion using ohe enz'_yTae 

15 dextransucrase, prc^duced by Leuconosto:: mesentercddes ssp 

cremorlSf in the presence of sucrose to produce dextran in situ. 
In US 5,308,628 there is described the preparation of a 
thickener-free, yoghurt-based dairy dessert by culouring 
Lactobacillus acidophilus ^ Lactobacillus bifidus and/or 

2 0 Streptococcus thermophilus witn various milk constituents to a 
pH between pH 4.3 and pH 5.5, so that the viscosity of the 
product is increased to an acceptable level. 

Not only is the use of additives to im^prove the structure and 
2 5 texture of ice creams disadvantageous m economic terms but it 
is also undesirable in the light of increasing consumer desire 
for additive-free rood products. There therefore re^mains a clear 
need for the development of improved m^ethods for oreparing ice 
cream confections and other milk protein-containing products 
30 having imiproved structure and stability properties w^hilst 
avoiding the use of additives. 



INVENT I 



The present: ir:ver.z^':^n p'rcviies in a firs:: aspect a rr^ethod for 
P'rer:!arir:g a food pr::iU':-t aoT.prisin^ mrlk prooeins, whereby a 
5 p'reours:)r mixoure coraprising pre rem an:i a fermenoable sugar is 
ferrrLenoed wirh a micrC'C-rganisr:: unaer anaersbic c:»nditions tc 
P'rsiiuce a horr.spoi ys a schar i ::e , and v/herein ohe pH of tne mixture 
remains within the range of pH h.5 to 7.0 during fermentation. 



10 In r. piref erred aspect, the inver.tiC'n provides a method of 

preparing an ice sream p>re-mix aoscrding to tho' first asp'ect and 
a methoo of preparing an ice cr€;am cc-nfesticn, c:mprising 
pasoeurising an ire-oream pre-mdx p'rep-ared acoz-rding zo the 
first aspect and aerating and freezing said pasteurised p^re-mix. 



Aiso' p'r:-vided is a com.pC)S i t: io-n comp-rising :in ice-oream pre-mdx 
and a hs-mC'Oolvsaccharide-iC'r oduci no mi oroMr-ganism. 



The invention furoher provides a metho-d o^f using 3 
20 homop:-iysac.onar ide-producing mdcrc c^r ganism to- p^riouce a 

polysaccharide in situ in a milk p-rotein based f:od pircduct, 
wherein a precursor mixture comp-rising a milk protein and a 
fermentable sugar is fermented with said microorganism, and 
wherein the pH of this mixture remains in the range C'f pH 5.5 to 
25 7.0. 



Also' provided is an ice cream. cc'nfectic>n prepared fro-m an ice 
cream pre-m.ix in which a p-c-lysaocharide is pro'duoed m situ 
acco-rding to the m.ethoo of the inventic'n, opoionally combined 
30 with a variable proportion of unfermiented pre-mix. 

As used herein, a ''p'recurso^r mdxture'' is a mixture comprising 
the basic ingredients of the food product, including milk 




Trie presenz invention may be mDre luiiy understood with 
reference to the following description when read together with 
tne accoTipanying drawings . 

15 

3F,iE ^ Dz:3::Fj?Tiorj or the dpawin 3 s 

Figure 1 shc-ws the time developm.ent c-f viscosity (□) in mPas and 
dextran co'ntent m mg/m.l (♦) in an ice cream, pre-mix during 
20 fermentation with L. mesenteroides ATCC13830A. The incubation 

temperatures and inoculation levels (v/v %) are indicated above 
each graph. The viscosity was measured befc^re pasteurisation, at 
a shear rate of 250 s~*. 

2 5 Figure 2 sht^ws the pH of an ice cream, pre-mix, comprising 14% 
skimm.ed m.i 1 k powder and 15% sucrose, Lermionted with L. 
mesencaroides ATCC10830A, as a funttion of tne viscosity of the 
pre-m.ix. Tne viscosity was measured before pasteurisation, at a 
shear rate f 2 50 s"^. 

30 

Figures 3 to 33 show Spectrum sensory plots of the texture 
qualities of ice creams prepared from varicus pre-mix 
f c-rmulaticns . 



Figures 4 to 4 A shc>w Spectrum sense ry cdocs c^f zhe flavour 
qualities of ice creams prepared from various ore-m.ix 
formulations . 

5 

DETAILED DESCRI PTIOrJ OF THE INVENTIC'N 

The invention is based on the finding that a food product with 
improved structure and stability may be prepared from a 
10 polysaccharide-containing precursor mixture wherein the 

polysaccharide is produced in situ m the precursor mixture by 
fermentation with a polysaccharide-producmg microorganism under 
anaerobic conditions, while the pH remains within the range of 
pH 5,5 to pH 7.0. 

15 

Contrary to the expectation from the art that the accompanying 
drop in pH renders the in situ production of pc lysaccharides by 
microbial fermentation unsuitable for use in the production of 
acid-sensitive foods, such as those containing milk proteins, 

20 the present inventors have surprisingly found that, by selection 
of an appropriate microorganism and control of the fermentation 
conditions, it is possible to achieve a balance between 
polysaccharide production and acidification in the f eimientation 
process such that a polysaccharide-containing product of good 

25 structure and stability, with no impairment texture or flavour, 
may be produced. 

Experience with milk-based products such as ice cream suggests 
that a ''cultured milk flavour'' tends to becom.e detectable at pH 
30 values below about 5.8 which, while acceptable in some products 
such as yoghurt, is otherwise undesirable. However the present 
inventors have found that this flavour can be masked oy mixing 
the fermented precursor mixture with unferm.ented m^ixture, whilst 



reversible and therefore cannon fully be a.^eliorared by dilu'^iicn 
v/iin unf errr.ented precursor rnixoure. Xioh, once a.7arn, rhe 
exception of nomn.ally acidic prcducns such as ycchurt, this 
effect is very undesirable and pH 5.5 is, therefore, an 
10 effective lower limit to which the pH T.ay be allowed to drop fc-r 
the ^'Urposes of this invention. Preferah-ly che p'H remains in cne 
range between 5.7 and 6,2, most preferably between 5.8 and 6.2. 

It would, of course, be possible to maintain the pH of the 
15 precursor mixture during the f erm^entation process within the 

desired range artificially, for example by controlled addition 
of a base using a pH-scat, but this is both technically 
inconvenient and undesirable in the preparation of food 
products, particularly where a 'natural' preparation is desired. 
2 0 It is a particular advantage of the m.ethod of the present 

invention that additional technical steps of this nature are not 
required. 

The production of polysaccharide in situ from sugars present in 
2 5 the precursor mixture by a natural fermentation process affords 
the possibility of avoiding the need to add stabilising or 
structuring additives to achieve acceptable product structure 
and texture, leading to substantial savings in cost and also 
improved consumer acceptability. In situ polysaccharide 
30 production can also provide additional benefits in flavcur 

generation: polysaccharides added in conventional dried form can 
lead to flavour deterioration resulting from, loss of flavour or 
occurrence of off -flavours caused by the drying step. 



The irventicn is applisable zo any food prc'^ucr based zn a 
precursor r::i>:uure somprising milk prorein ar:d a femertable 
sugar, -.vherein zne precursor mixture has a pH value beoweer; 5.5 
5 and 7.0. In a preferred emb-odiment, the pri'duct is an ice sream. 
pre-mdx. lo will be appreciated that, althi'Ugh the inventiDn is 
described herein primarily with reference tC' ice are am., it is 
ar^plicable to other products such as sherbets, ise milks, 
sorbets, frozen custards and salad dressings. 

10 

Co^nveniently , rhe milk will be an animal m.ilK but vegetable- 
derived alternatives such as soya milk can also be used. Tnere 
is no criticality in the source of the milk protein in the 
present m.etnod, and it may be incorporated as liquid m.ilk, 
15 cream., skimmed m.ilk, miilk powder dt skimm.ed milk pow^der, f :r 
examt'le . 

Tne pc'lysaccharide to be generated In situ according to the 
invention is a homopolysaccharide produced extracellularly under 

2 0 anaerc'bic conditions by a microc>rganism. Bacteria which produce 
heteropolysaccharides generally do so at m.uch lower levels, in 
comparison, and it is unlikely that the desired levels could be 
produced in situ while the pH remained in an acceptable range. 
In a t'art icularly preferred embodiment the polysaccharide rs 

25 dextran, prO'duced from sucrose present in the precursor mixture. 
Other suitable polysaccharides would include fructans such as 
levan . 



30 The inventic^n is applicable to any microorganism, which is 

capable of producing extracellular hcmLDpolysacchariGes (ccm.posed 
of one type of glycopyranose residue) on fermentation with a 
suitable sugar under anaerobic conditions provided that the rate 




Leu :: jnc'sroc, such as the subspe::ies of Leuconostoc 
meser.teroides ^ Le^jconostoc dext rani cum N?.ri-3- 1 E 1 32 and NRRL-3- 



10 1:242, Leu conostoc rr.esenteroldes ssp crenioris strains CN2M I- 

15^2 and 2NCM-I -169^3 described m US 4,4 44, 7 93, US 4,37 7, 634, US 
5,223431 and US 6,CC4,8iJ0 respectively, T.entii-ned above. 

According to a particularly preferred errb'C'diment , the 
15 p-:>iysacchar ide producinc microorganism is a dext ran-producing 
Leuconostoc mesenzeroides ssp mesenteroides strain, sucn as 
Leucc^nC'Stoc m.esenteroides ssp mesenteroides ATCC 138 30, ATCC 
lO^BOa or ATCC 2723 8 . 

20 Where tne precursc-r mixture for use according tt- the invention 
is an ice cream pre-mix, this may be any conventional 
fc-rmulation and may suitably comprise milk SDlids (either fat or 
non-fat solids) , sucrose, water and optionally other sugars, 
cc'rn syrup, flavourings any other additional components 

2 5 generally used in ice cream f o^rmulatic-n . The fat co^ntent of the 
pre-m.ix is not critical to the present metho^d and fats may 
optionally be included from, butter fat, cream, or vegetable 
so-urces. The pre-mix may be prepared oy a'dm.ixture of the 
ingredients in the proportic'ns generally emplc-y-^d in the art. 

30 

By means of the invention, polysaccharide is produced m situ in 
the precursor mixture in an amount sufficient to achieve the 
desired structure/texture benefits in the prc-cessed ice cream. 



pr:ouc"C but at a rate v;hich ciC'es not lead to an unacceptable 
dri'p in of the n::ixture. In the oase of an loe cream pre-n.ix, 
trie polysa acinar ide level achieved sn^auld de;'>iraoly be at lea so 
O.l^- by v;eight C'f the pre-Tiix, p^referably Ci . 5% to 0.7=5 by 
5 weioht. These values may vary soniewnat. for other types of food 
material but are likely to be in a similar range. It will be 
acp-reciated that the desired ^ olysa ::char i de level may vary 
within this range, depending o^n the fo'rmuiation of the product. 
F:-r examp-le, it would be expected that the desired 
10 pc iysaccharide level wO'Uld generally be different and may be 

hicher for products with a nigh fat content than for those with 
less fat. 

A ferm.entable sugar is required in the pre-mix both as a 
15 substrate for polysaccharide pro-duction and, tj'pically, to 

pr-Dvide sweetness in the food product. Wnere the polysa ocharide 
to be produced is dextran, the su^ar will be surrose. In a 
preferred emioodim.ent , where the product is an ice cream pre-mdx, 
an amount of sucrose (before fermentation) of from 1% to 17.5% 
2 0 by weight, preferably from 7.51 t-o 15% by weight, should 

suitably be present. The inventors nave found it particularly- 
convenient to use a pre-mix comprising 15 5 by w^eight sucrose (a 
level that is conventional in ice cream formulation) in the 
f erm.entation, as this optimises polysaccharide prc'duction whilst 
2 5 leaving remaining sufficient unmetabolised sucrose that the need 
tO' add additional sucrose post fermentation to achieve 
accep-table taste properties in the final product is avoided. 

The p^recursor mixture may conveniently be inoculated with a 
30 preculture (grown in any suitable fc-cd-grade m.edium) of a 

homcpolysaccharide-producing microorganism, in an amount of from 
0.01% to 5% C'f the volume of the mdxture. In a preferred 
emLb'Cdiment the precursor mixture may be inoculated using frozen 




pC'lysa rrcnariae cont:ent ji nhe precursor raixture can oe achieved 
by using a variety jf c jmC'i nations c^f these paracieters ; suitable 



10 c:TT±>inat ii.ns can be estahil i shed strai ^ht i c rwardly v;ithout the 
need for undue exc)erirr.ent at ion . Tne inventors have shown that 
the acrur^ulat ion af pcdysascharide, as reilestec in tne shancing 
viscos ity of one f eririent ing p recur ss-r mixture, cjr re laces 
approximately linearly with the easily mjniti'red pH of the 

15 mixture (provided, of course, that the pH ::iDes not drop t:* a 
pcant where gelation :^ccurs), thus further facilitating the 
process of cpcimiisatiC'n cf the fermentaticn conditisns. 

FermentatiC'n conditi::ns n\ay be chosen to \^'ield a precurssr 
20 mixture that can be r-rocessed directly zo proauce tne final food 
product after f ermLentaticn and pasteurisation. Mc^re preferably, 
h'i'V/ever, the ferm.ented precursor mixture rray be diluted with 
ncn-f erm.ented mixture in order to achieve optimal polysa rcharide 
content (and hence viscosity) pri-or to further processing. The 
2 5 non-fermented mixture may have the sam.e ccmpc^siticn as the 

ferm.ented precurscr mixture had prior tC' f ermentat ic^n, or it may 
be different. This arproach has several advantages in that the 
amiount of miaterial tnat needs to r^e fermented is redused, a 
single batch c-f ferm.ented c-recursc-r mixture may be incorporated 
30 into a range c^f different final prc^ducts, and any off-flavours 
developed during fermentation can be masked by dilution. 



When the desired composition has been achieved, polysaccharide 
production in the precursor mixture may conveniently be ende<d by 
pasteurisation. This would also help tc^ improve the viscosity of 
the product. Alternatively, where it is appropriate to the 
particular product, it may effectively be stopped simply by 
cooling or freezing. The resulting mixture may then constitute 
the final product or it may be converted to the product by 
further steps which may include incorporation of additional 
components such as flavourings and supplementary sugars, and any 
conventional physical processing steps. Where the precursor 
mixture is an ice cream pre-mix, conversion of the fermented, 
and optionally pasteurised and blended pre-mix to ice cream 
would involve conventional processing steps including aeration 
and freezing. 

The following examples are provided by way of illustration only. 

Example 1 . General methods for investigating in situ 
polysaccharide production in ice cream pre-mixes . 

(1) Culturing protocol for Leuconostoc mesenteroides in ice 
cream pre-mix . 

- Starter culture: A frozen stock (1 mi) of Leuconostoc 
mesenteroides subsp. mesenteroides ATCC10830A was thawed 
and transferred aseptically into 100 ml of XVM medium^ + 
101 sucrose. This was incubated at 25"C for 24 hours (or 
longer, until it had become viscous and the pH had 
dropped below 5.0) . 

Frozen stock cultures for long term, storage: A full grown 
starter culture, with a cell density of approximately 10^ 
cells/ml was mixed with sterile glycerol to a final 
concentration of 10%. 1 ml aliquots were dispensed into 



hc:urs by wnicn zir^.e the culture sn:>uld nave becc:me 
viscc'us and its C'?: snould nave fallen ioelcv; 5.C. 

10 - C u 1 1 u r 1 n :: of a o r e 1 x b s t c h . A c h sen a n. c u n t c f 

preculture (typically 1 to 5%) v;as added aseptically tc- 
the pasteurised c re-mix C'atch and incubated under the 
conditions chosen for investigation. Samples of the 
pre::ulture and of the pre-mix immediately after 

15 inoculation v;ere taken fc^r micr cbiC'l Dgi cal evaluation 

(plate cc'unt) . Tne r H ana viscosity dz samples :-f the 
pre-m.ix were m.easured at the start of f erm.ent a t i on and at 
intervals later en t-t m.onitor pc'lys a rchar ide pri-duct ion . 

20 ^>;VM m.edium was prepared by ::ombining 90g skimjr.ed m.ilk 

P'Owder, 3.5g yeast extract (Difco) and 3.5g peptone (Difco) 
with 1 litre water. The mixture was autoclaved at llO^C for 
15 min. A 60% (v//v) sucrose stc^ck was prepared separately 
and autoclaved at 120'''C for 20 min. XVM ^ 10% sucrose was 

25 prepared by mixing 1/6 volumie of the sucrose stock solution 
with XVM in a sterile bottle. 
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(ii) Deternr.ination of dextran content cf ice crea.7: pre/nixes. 

For the experim.ents described in examr-les 2 an d 3 : 7 . 5 m^l 
60% (w/w) trichloroacetic acid scluticn was added to a 30 ml 



thoroughly for 45 mmuoes. The soT.ple was then centrifuoed 
fo'r -15 minutes at SOC'O r.p.m. in a Sorvall HS-4 rotDr. ^5 ml 
of" supernatant v;as collected and the pH adjusted to 4.0 
using 10 N NaOH. 15 ml of this material was then dialysed 
for 24 hours against regularly refreshed deminerali sed water 
using a pre-treated dialysis tube (p>reviously boiled in 2% 
w/v rJaHC03 solution and then demineralised water). The 
contents of the dialysis tube were then frozen at -40^C and 
f reeze-dried . The dry sample was dissolved on 1 ml 100 r.M 
NaNO:. containing 200 ppm IJaNs and centrifuged at 5000 r.o.m. 
for 5 minutes . 

Gel permeation chromatography was carried out using a PL-GFC 
8 )am guard column {50 x 7.5 mm), a TSK gel G60C0PW 17 um. 
column, (TosoHaas), a PL-GFC 4000A 3 um column and a PL-GFC 
lOOOA & iim column (Pcilymer Laboratories) at 45°C (all 
colum^ns were 300 x 7.5 mm). The sample was introduced into 
the GPC system using 100 mM NaNOs solution (containing 200 
ppm NaN3) as eluent . The polysaccharide present was detected 
using a refractive index detector. Concentrations were 
calculated using a calibration curve established for 
purified dextran with an average molecular weight of 7 x 10^ 
Da, at concentrations of 0.2, 0.4, 1.1 and 1.6 mg/ml. The 
molecular weight of the dextran was determined by laser 
light scattering (TRALLS) using a mini-DAWN detector. 

For the experiments described in example 5 : To 31g of 
melted ice cream were added 7.5ml of 60% w/v trichloroacetic 
acid (Fisher Chemicals A.R. grade) and the mixture was 
stirred for 45 miinutes . 



0 

zazs ar,z: cri '/e a clear sace 
rer::oved and i"s cH aa^usce 
5 nydroxiae solarion zz cerv;een 4.3 aad 4,5. 

Trie mix rare was "cransferrea ta previoasly wasaea {5 r.ir. in 
iac;ilina ae-acnisea waaer) aialysis aacina ;Vi5aanc: 19 na;-. 
inflated diarreter cellulose - Nolecuiar weiaha cut-off 
12,000 aa 14,000). The saraples v;ere allC'v;ed ac- dialyse for 
10 three days with three changes of de-iC'nised. water r:)er day at 
4"C. The contenas of the dialysis bags were freeze dried ana 
the r e s i a u e w e i a h e a . 




Samples of this material v;ere then analysed for dextran 
15 content by High Performance Size Exclusion with Mulai-Angle 
Laser Light Scaatering ( HPSEC-MALLS ) . Sample saluticns (0.5%) 
w^ere prepared in O.IM sodium nitrate, filtered thrc'ugh a 
0.45j,im filter (PVDF, Whatm:an) to remove any remaining fat and 
then heated to 45 ""C. The cissolved sam.ple (200ul) was 
20 applied to the SEC-M^.LLS-RI system via a Rneod>'ne injection 
valve . 



The chrc>m.ato graphy system consisted C'f a Gilsa-n pump (model 
25 305), Anagel-TSP: PWvi^ G4000, G5000 and G6000 columns in series 
(7.S X jOOmim, Ana rhem.) , in combinatic-n with a TSK PW;.- guard 
column (6.0 x 40mmi). Columns were eluted with O.IM sodium, 
nitrate filtered under vacuum througn a Ci.02um memi-rane 
(AnC'disc 47, Whatman) and degassed under vacuum. The flow^ 
30 rate v/as 0.5 ml/miin. Light scattering was defected by a 
DAWN-F MALLS photometer equipped witn a K5 flaw cell 
(n^l. 52 064) and a high temperature read head. The t-hotcmeter 



lighr sjurz^ v/as a He-Ne laser, 633n-, 5rr:W (Wyatt Technology, 
Santa Barbara, California). The MALLS :iet€;ct3r and. columns 
were operated at a temperature C'f 4 5^C. A Wyatt Optilab 
I nte r f er ^miet r i 0 Ref ra stC'm.eter with a rr.easuring wavelength of 
5 6 3 3nm was used a^ a temp-erature of 4 5^C. 

Prior CO the measurements, the lAWN-F MALLS photometer was 
calibrated and normalised. The calibration constant was 
determined by m.easuring the scattering (at the 90° detector) 

10 from a pure solvent (toluene), with knc'V/n F.ayleigh ratio. 
All other detectors were normalised to the calibrated 
deteocC'r by measuring the scattering from a samr>le of P50 
(--53 kSa MW) Pulluian standard (Shcwa L'enkc, Japan) which 
scatters light isotropically i.e. equally in all directions. 

15 The performance of the colum.ns was also checked using 
pullulan standards ranging from 5 to 800 kua . 



(Hi) Determination of viscosity or ice-cream pre-mixes. 

20 

For t h e experim^ents described in examples 3 and 4 : 
Viscosity was measured at lO^C on a Carrimed C5L50 
rheometer, with an acrylic cone, 6cm and 2° angle. Readings 
were taken at 50 s~* and 250 s~^. 



For tne experiments described in example 5 : Viscosity was 
determiined using a Haake VT500 rheometer with a MVl sensor. 
Measurements were made at S'^C . A shear rate sweep from 0 to 
30 300 s~^ over 5 minutes was made and the viscosity values 
recorded. Viscosities at 50 s~' are given in example 5. 



S^nsC'ry and flavour properties of produors prepared 
accordiog to the mveooion v;ere assessed usina one Speoorum 
(Traoe Mark Desoripoive Analysis (SjA) -eohosd, as dessribec 
in 'Sensory Evaluaooon Techniqoes', ioleilgaard, Civiiie, 
Carr, 2^'"^ edition, 1991, ISBN I - 8 4 9 3 - 4 2 3 0 - 5 ) , see pages 196- 
198 and Muncz, Siville, 1998, S. Sensc^ry Studies, 13, 57-75. 

Bi'th fresh and ' t err.O'er at ure ab:^sed' sarr.ples were evaulateo. 
Temperature abuse was carried c-ut by tempering at -25 ""C for 
one week after production, then alternating between -lO^C 
and -25^C f c r 12 hour periods, consecutively for 2 weeks. 

Ice cream samiples v;ere brc-ught into the preparation area 10 
minutes prior to evaluation, in an insulated cc'Oler. Samples 
were then remo^ved from, their c:ntainers and cut into 
appr-iximately 61 ml cubes whicn were placed in 3 oz souffle 
cups for tiresent at ic-n to the panellists. Samples were 
evaluated when the sam.ple temterature w^as oetween 10'' and 
lo'^F. Panellists evaluated the sample by s soopmg 
approximately 1/3 of the portion bli>ck with a heav^'weight 
plastic stoc'n then evaluating the product f'lr flavimr and 
texture, lanellists were allowed another cube if needed. 
Panellists expectorated the sam:ples after evaluatic^n. 



Example 2 . Dextran production by LGuconostoc mssGutGr aides in 
an ice cream pre-mix : dependence on sucrose concentration . 

Ice cream premixes containing 14% skirmed milk powder in 
demineralised water and varying amounts of sucrose were 
inc'culated with 1% v/v of a preculcure of 1. mesenteroides 
strain ATCC10830A, grown in fortified milk (XVM m.edium) . The 
premixes were incubated for 24hours at various temperatures and 
the accumulated concentrations of dextran v;ere then determined. 
The results, expressed as % w/v dextran, are sunmLarised in the 
following table : 



Initial sucrose 
content^ 



7.5 10 12.5 15 



17 



Temp rC) 

23 

16 

11 



0.51 0.8 3 0,7 9 0.59 1.2 9 0.37 
0.760.890.790.81 
0.10 0.150.1: 0. 07 



^E^xpressed as % (w/v) 
( - indicates not determined) 



The results demonstrate that the amount of dextran formed is not 
strongly dependent on the initial sucrose concentration, at 
least in the range from 7.5% to 15%, though there is some 
decrease in yield at concentrations outside this range. This 
means that a typical pre-mix containing 15% sucrose can be used 
for fermentation, avoiding the need fcr addition of additional 
sugar after fermentation. 



Example 3. Optiinisation of growth conditions for L. 
uhesGXitGjroldGs ATCC10830A in an ice cream pre-max containing 15% 
sucrose . 




'ne accLiTTLulat i on of dextran, ana hen 



;it:y di tne pre- 



fix rerr:ained very 1 during the firs:: 3 hours z>f f ermentar ic.r. 
at all temperatures. After 24 hjurs there was a .T.arxed increase 
in vissc'sity, ajTir'area to that jf an unf errriented contrcil sa:nr>le, 
at all insubatizm temp^eratures , thi^ugn the effect was greater at 
the higner t en^peratu res . Incubaticsn for longer than 24 hours 
resultea in highly vissous mixtures. Tor all incubation times 
and tem.p'eratures tested, inoculatic^n with 5% v/v of preculture 
gave nigner viscosities than inoculation wi::h Ih . 



It is clear from the data that a aesired viscosity or dextran 
concentration can be achieved with various combinations of these 
parameters. For example, a viscs-sity of arcund 15 mPas 
(determined at a shear rate of 250s~^), whoch is suitable for a 
typical ise cream p-rt'duct, is obtainahle hy oncubatoc'n at lO^t 
for 16 hours with a z-l inoculat ic>n, or at 15^C for between 8 and 
16 hours with a Ik inoculation. Equally, the target viscc-sity or 
dextran content ::culd be achieved by dilution of a ferm.ented 
orem^ix wioh a higher dextran cor: tent v.'ith unferm:ented cremLix. 



Example 4 . Effect on t±ie pH of an ice cream pre-mix 

containing 15% sucrose of fermentation with L. mesGntGroldes 
ATCC10830A. 

The proliferation of the bacteria and the culture pH were 
monitored during the fermentation tests described in example 3. 
The nurJoer of cells per gram of pre-mix at inoculatiion was found 
to be 1.3 X lO"^ for a 1% inoculation and 6.7 x lO"^ for a 5% 
inoculation. These values had increased to 1 . 1 x 10^ (1% 
inoculation, incubated at 10°C) and 1.3 x 10^^ (5% inoculation, 
incubated at 20^C) after 24 hours. 

The initial pH of the pre-mix was 6.35 and this was found to 
have decreased to 6.23 (1% inoculation, incubated at lO^'C) or 
5.88 (5% inoculation, incubated at 20^C) after 24 hours. Under 
other conditions (e.g. 2% inoculation, incubated at 25'^C for 24 
hours) ii: was found that fermentation with L. mesenteroldes 
ATCC10330A could cause the pre-mix pH to fall at least as low as 
5.5. By combining the data obtained from all conditions tested, 
an approximately linear correlation was observed between the pH 
of a fermented pre-mix sample and its viscosity, as shown in 
Figure 2. The details of the pH dependence will, of course, 
depend on the starting pH and the specific formulation but the 
inventors have observed an approximately linear dependence of 
viscosity on pH for pre-mixes with a range of different 
compositions, always provided that the pH remains above a value 
where the pre-mix begins to gel. These results suggest that 
monitoring of the culture pH should provide a very convenient 
way of following the accumulation of polysaccharide in a 
production-scale implementation of the method. 
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Example 5 . Preparation of ice creams from fermented and 
\mf ermented pre -mixes . 



leri ve: 





T^'r^ o >~ ^ ^ y—n-' 11 1 ^ c; 


•^■^^K-'d^tz^— A. ^..cr O^-^r: ^l^^.^.. 


compos it icns were 


as follows: 




Ir.greciient 


Supplenp.ented cre- 


Fermenteo and untreated 




rrdxes 


pre-mixes 


cream 


10. 17 


1 Ci . 1 7 


condensed s kirPLOied 


53. 67 


5 4.46 


milk 






suga r 


14 . 00 


14 . 90 


cc'rn syrup 


3.26 


3.26 


Enrich 221/301^ 


1 . 30 


0.00 


wacer 


17 . 60 


17 .21 


Total s 'ilids 


36. 90 


36.':^0 



'^spray-dried dextran-containincr products of Quest International 
Ltd. 

All mixtures additionally contained vanilla flavour. 

15 

Two batches of the unsupplem.ent ed premix were ferm.ented with 
L. mesenteroides ATCC10830A in a jacketed vessel. The 
incubation temperature was controlled by a tap water stream 
z h r C) u g h the j a c k an d ma n u a 1 t em:0 e r a t u r e me a s u r e mie n t s . The 
20 cultures were stirred cc-n t i nuous 1 y and samples v;ere taken 
a s e p t i c a 1 1 y f C' r off-line p H - and viscosity m.e a s u r em^e n t s . 



Fermentation A: The pre-mix was -ooled after pasteurisation 
to 13.7°C at inoculation. The in::ucation terrioerat ure rose 
shortly to 33°C and was then kept at 15°C. As the 
temperature rose slowly the cooling level was adjusted and 
the stirring speed was reduced after 28 h of culturing. This 
resulted in a gradual temperature decrease to 3°C after 36 
h. After 42 h the temperature was adjusted t: lO^C. After 45 
h the pH had fallen to 6.2 and the fermentation was then 
stopped by pasteurisation. 

Fermentation B: After pasteurisation, the pre-m,ix was cooled 
to 23°C and inoculated with the preculture. The culture was 
then left without cooling. After 21 h the temperature had 
dropped to 20. 4^0 and was then adjusted to 22°C by a short 
pulse of hot water through the mantle of the vessel. The 
pre-mix pH dropped to 5.8, with a viscosity of 150 mPas (at 
a shear rate of 50 s~^) after 25 h, at which point 
fermentation was stopped by pasteurisation, resulting in a 
viscosity increase to 210 mPa . s . 

Various combinations of these fermented pre-mixes with 
unfermented pre-mix were prepared, and the viscosity and dextran 
content of these, as well as those of the premixes supplemented 
with Enrich 221 or 301, were determined. The results are 
summarised below: 



Pre-mix Composition Viscos Dextran 

Code ity^ content^ 

100 untreated 14 0 
221 + 1.3% 21 0,16 

^^Enrich 221" 

301 + 1.3% 31 0.03 

^^Enrich 301" 

101 fermentation 52 0 .56 
A 

4 01 fermentation 210 0.94 

B 



r^xpressea 

^ y -r-, >- ^ C. d O --^^ 



-a.s; Gerermine: 



s e a r r c 



5 0 



Each of these pre-mix formulations was converted to ice 
cream on a standard continuous scrape surface neat exchange 
MF75 freezer, v;ith an :'ver-run ot arC'Und 100^^ being achieved 
in each case, except tor pre-m.ix code 4 01, for which an 
over-run greater than 50% could not r^e obtained. 



Example 6. Sensoiry analysis of ice cream formulations 

The ice cream sam.ples prepared as described in example 5 
were subject to a ''Spectrum" sensory analysis of their 
texture and flavour properties, as perceived by a panel of 
trained tasters. For each formulation, the analysis was 
performed on both a fresh sample and a sample that had been 
subjected to temperature abuse, as described in example 1. 



(i) Texture data 



Texture maps for the ice cream products de rived from each of 
the pre-m.ix formulations listed above are shown in Figures 3 
to 33. In these maps the prefix S tC' each sensory quality 
indicates the percepti'on of the surface of the ice cream, FC 
indicates the first compression (between tongue and palate), 
M indicates m.anipulat ic-n (in the miouth) and F indicates 




residual rexrure. The radjial axis for ea^h parame::er is 
scored in arbitrary units, >; i t h 15 c e i n c a h i u h ratine for 
the attribute concerned . 

5 The untreated pre-mix (code 100) yields an ice cream that 

sh-Z'WS marked, generally deleterious, changes in some sensory 
properties upon temperature abuse, in particular there is a 
clear increase in perceived "'crystallinity" and other 
param.eters likely to reflect the presence of ice crystals. 
10 Addition of either Enrich 221 ( lode 221) or Enrich 301 (code 
301) reduces this sensitivity tc^ temperature only partially. 



In situ generation of dextran is shown to be very effective 
15 in protecting against this textural deterioration upon 

temperature abuse. Thus^ the pre-m.ix that had been subject 
to fermentation A (to pH 5.2) gave an ice cream (code 101) 
with a texture that showed imprc'ved texture compared to the 
untreated case even in a fresh sample, as well as much 
20 diminished sensitivity to temperature abuse. Dilution of 

this p:-re-mix with unfermented pre-mix in an equal proportion 
gave formulation 102, which had a viscosity comparable to 
that resulting from addition of 1.3% Enrich 221. The ice 
cream derived showed some sensitivity to temperature abuse, 
25 but noticeably less than that observed from the ice cream 
derived from pre-mix 221. 

Fermentation B (to pH 5.8) gave a pre-mix (code 401) with a 
very high viscosity, for which only a lim.ited over-run could 
30 be obtained when it was attempted to work it up into ice 

cream.. The product had a very different texture to those of 
the other ice creams and, indeed, its structure was found to 
be very much like that of yoghurt. However dilution of this 



afzer cerf^pera^ure abuse is better before and especially 
afzer r er:\C'era*:ure acuse, m zerrr.s cf Icv/er cr ys r a 1 1 1 ni t y , 
than eirher the ice cream prepared from untreaceo mrx or 
those preparea from m.ixes supplem.ent ed with the spray-dried 
dextran or jduct . 

( 1 1 ) Flavour da ta 

Spectrum sensory maps showing the flavour profiles cf ice 
cream.s derived from the pre-m.ix f orm^ul a t i ons descrit'ed above 
are s h o w n in Figures 4 and 4 A . 

The untreated pre-mix (100), as 'well as tnose supt'lem.en ted 
with the spray-dried dextran additiv^es (221 and 301) gave 
ice creams that show^ good profiles with no significant 
undesirable flavours detected. The undiluted, fermented 
p remixes (101 and 4 01) gave ice cream.s with flavours that 
shew some mc»dif ication as a result of the bacterial action. 
Most significantly, there is an increased sourness that is 
pronounced for 401 but more miarginal for 101. Importantly, 
however, the 1:1 diluted pre-m.ix 402 gave an ice cream in 
which these undesirable flavours were effectively 
suppressed, even though the desirable structuring and 
stabilising effects were, as shown above, retained. 
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Claiins 



A method for orecarina a foc^d oroaucr. ccrx^risina a iTiiik 
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protein, wherein a precursor mixrure comprising a milk 
protein ana a ferm^encable sugar is fermenred v;ith a 
microorganism under anaerobic conditions to produce a 
homopC'lysaccharide, and wherein the p)H of said miixture 
remains within the range of pH 5.5 to 7.0 during 



A method ascording to Claim 1 wherein f erm.entation is 
followed by pasteurisation and optionally aeration and 



A method according tC' Claim 1 or Claim. 2 wherein the pH of 
the precursor mixture remains within the range of pH 5-8 to 
6.2 during fermentation. 

A method according to any of claims 1 to 3 wherein the 
microorganism is a dextran and/or fructan producing lactic 
acid bacterium. 

A method according to any one of Claims 1 to 4 wherein the 
microorganism is a lactic acid bacterium of the genus 
Leuconostoc. 

A method according to any one of Claims 1 to 5 wherein the 
mdcroorganism is a dextran-prc^ducing strain cf Leuconostoc 
mesen teroides subspecies mesent era ides . 

A method according to any one of Claim.s 1 to 6 wherein the 
mdcroorganism. comiprises a strain selected from Leuconostoc 




A rr.ethc-d according t::- any one of Claims 1 to S wherein the 
P'recursor rriixture is inC'Cuiared with beadlens comprising a 
precuioure jf the microc'rganismi . 

A method accc-rding tO' any one or Claims 1 oo 9 v;herein the 
fermentation is carried out at a temperature of from 10" to 
3 3^C. 

A m.ethod according to any one c^f Claim.s 1 to 10 wherein the 
fermentation is carriea out for a period O'f from 4 to 4S 
hours . 

A method according tc> any one of Claims 1 t:' 11 wherein the 
fermented precursor mixture is diluted with non-fermented 
precursor mixture. 

A food product prepared according to tne m.ethod of any one 
of Claims 1 to 12. 

A fDod produ::t according to Claim 13 which is an ice cream, 
confection . 

A composition comprising an ice-cream pre-mix and a 
hcmopolysaccha ride -producing microorganism. 
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1 6 . Use of homopoiysaccharide-producing 
produce a polysaccharide in-situ in a 
fo'jd product at a pH in the range of pH 



5 17 



Use according to Claim 16 wherein the 
ice cream confection . 



food product is an 



Abstract: 

anaerobic conditions oo produce a horr.ocoiysa ccharide and vnnerem 
during f errr.eno alien . 
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Figure 3A 
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Figure 3B 
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